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(57) ABSTRACT

There 1s provided a semiconductor circuit for arithmetic
processing and an arithmetic processing method that can
increase the rate of processing data and reduces the area of
a circuit by suppressing wasteful processing.

There 1s provided a computing unit for computing input
data, and this computing unit computes mput digit data
within a computation time unit and outputs a computation
result representing a result obtained by the computation, and
if a carry 1s generated 1n the computation a computation
circuit (adders 1-3) for outputting carry data representing
this carry, and delay means (memory 4) for delaying the
computation result from the computation circuit by one
computation time unit, are provided.
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SEMICONDUCTOR CIRCUIT FOR ARITHMETIC
PROCESSING AND ARITHMETIC PROCESSING
METHOD

TECHNICAL FIELD

[0001] This invention relates to a semiconductor circuit
for arithmetic processing and an arithmetic processing
method, and particularly to a semiconductor circuit for
arithmetic processing and an arithmetic processing method
using mnformation processing and device control.

BACKGROUND ART

10002] In the field of information processing etc., semi-
conductor circuits are responsible for numerical computa-
tion and logical computation. Accordingly, semiconductor
circuits are extremely important 1n the field of information
processing etc., and various circuits are currently being
designed.

[0003] Insemiconductor circuits, first of all information is
divided 1nto analog information and digital information, but
it 15 necessary to perform arithmetic processing after con-
verting all information to digital information 1n order to
carry out computation maintaining high reliability. For this
reason, 1t 15 a general rule in the present invention that
analog information 1s converted to multi-value mmformation
or a digital signal and then arithmetic processing 1s carried
out.

10004] Information that has been converted to digital
becomes numerical information, and depending on the range
of the numerical information obtained data having a bat
width of 8 bits, 16 bits, 32 bits, or currently 64 bits or 128
bits, 1s used. Circuit types for processing this type of
multi-bit information are generally classified into bit parallel
circuits and bit serial circuits.

[0005] Bit parallel processing involves providing a calcu-
lating circuit for all bits, inputting datasequentially 1n bit
units from the lower order bit, and performing calculation
processing. It 1s noexaggeration to say that as well as
microprocessors, almost all current processors adopt this
method.

[0006] Bit serial processing is a method of computational
processing where data 1s mput in bit units sequentially from
lower order bits every computation time unit (normally a
clock). With this method it is possible to design computation
circuits for 1 bit, and has the advantage that surface area 1s
small. However, since this method to carries out processing
from a lower order digit, there 1s the disadvantage that 1t
takes am extremely long time to acquire data of the most
significant digit.

[0007] If it could be said that either the high order digit or
the low order has more important mmformation, then nor-
mally the high order has the most important information.
That 1s why the highest order digit 1s called the Most
Significant Digit. However, carrying out the conventional bit
serial processing from the low order digit causes a “carry
signal” problem 1n addition computation etc.

|0008] In a carry signal and addition result generated by
addition computation, first of all the digit (decimal number)
as the first placed number 1s different, and it 1s not possible
to handle in the same level.
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[0009] Also, in the worst case there is a possibility of a
carry signal generated from the least significant digit being
propagated to the most significant digit, and 1t 1s necessary
to determine a solution and a carry signal from the least
significant digit. Computational processing from an upper
digit 1s impossible 1n the present invention without solving
this carry propagation problem.

[0010] Naturally, with computation that is not equivalent
to a carry signal, such as a simple size judgement circuit, for
example, there are arithmetic processing semiconductor
circuits 1ncluding comparative judgment from an upper
digit. However, there are no inventions for arithmetic pro-
cessing from an upper order digit including arithmetic
processing so as to include a carry signal.

[0011] The object of the present invention is to provide an
semiconductor circuit for arithmetic processing and an arith-
metic processing method that can carry out arithmetic pro-
cessing from an upper digit sequentially 1n bit serial format,
with priority given to an upper order digit containing more
important information.

[0012] In order to achieve the above described object, a
first aspect of the present mnvention solves the problem of
carry signal overflow in addition computation, a second
aspect of the present mvention solves the problem of carry
propagation, a third aspect of the present invention solves
the problem of computation speed for bit serial format, and
a fourth aspect of the present invention makes 1t possible to
perform complicated computation and processing, other
than multiplication, from an upper digit.

DISCLOSURE OF THE INVENTION

[0013] Computation that is a subject of the present inven-
fion 1s computation from an upper digit on data bit serially
input every time step (computation time units), and resolves
a generated carry signal using various means, and realizes
applications uses as a result.

[0014] A semiconductor circuit for arithmetic processing
of the present 1nvention 1s a semiconductor circuit receiving
as mput at least one numerical data item comprised of a
plurality of digits, input sequentially one digit per comput-
ing time unit from an upper digit of the numerical data, and
1s provided with a computing unit for computing of the input
data. The computing unit comprises a computing circuit for
computing mput digit data within a computing time unit, and
outputting a computation result representing a result
obtained by the computation to generate a carry using the
computation and outputting carry data representing this
carry, and delay means for delaying the computational result
from the computing circuit by only a single computing time
unit. Using this delay, the first aspect of the present invention
resolves the problem of carry signal overflow without the
need for specialized handling of the carry signal as a carry
signal.

[0015] The problem of carry propagation in the semicon-
ductor circuit for arithmetic processing of the present inven-
fion can be solved with the second aspect of the present
invention by any of three methods.

[0016] First of all, using a method of representing output
data using a redundant number system. Secondly, there 1s a
method comprising first decision means for deciding
whether or not the carry data output to an upper digit by



US 2005/0080835 Al

computation of a particular digit 1s changed using carry data
generated by computation for a lower digit than that digit,
output means for indicating the fact that there 1s no change
to carry data to an upper order side, when the decision result
from the first decision means indicates that there i1s no
dependency on carry data output from the lower order digit,
input means for holding lower order side carry data, when
the decision result from the first decision means indicates
that there 1s dependency on carry data output from the lower
order digit, and changing means for changing the computa-
tional result 1n response to lower order digit carry data from
the lower order side. Thirdly, there 1s a method comprising
computing means for sequentially carrying out computation
every computing time unit from an upper digit side and
compufing a maximum value and a minimum value for
computational results acquired at the lower digit than an
mput digit, and comparison means for comparing at least
one of the maximum value and the minimum value com-
puted by the computing means with data of another digit.

[0017] The third aspect of the present invention is a
semiconductor circuit for arithmetic processing provided
with decision means for comparing and deciding, every
compufing time unit from an upper digit, computational
results output sequentially every computing time unit from
the upper digit, and when the authenticity of the decision
result of the decision means has been confirmed arithmetic
processing including comparison and decision for remaining,
lower order digits 1s omitted.

[0018] A fourth aspect of the semiconductor circuit for
arithmetic processing of the present invention receives one
of two data items as a multiplicand and the other as a
multiplier, and sequentially inputs the multiplier every com-
puting time unit from the upper order digit, and outputs the
result of multiplying the two data items sequentially every
computing time unit from an upper order digit, and com-
prises storage means for storing the multiplier while shifting
it every one computing time unit, first computing means for
respectively computing partial products of the multiplier
from the storage means and the multiplicand, and generating
and outputting all partial products of the same digit for the
multiplicand sequentially from the most significant digit
every computing time unit, and second computing means for
adding all partial products representing the same digit from
the first computing means to output one multiplication result
from an upper order digit.

[0019] An arithmetic processing method of the present
invention ivolves receiving mput of at least one numerical
data i1tem comprised of a plurality of digits, input sequen-
tially from an upper order digit of the numerical data, and
includes a first process of computing data of an nput digit
in computing time units and outputting a computation result
obtained by computation, a second process of generating a
carry as a result of the computation of the first process and
outputting carry data representing this carry, and a third
process of delaying the computational result by only a single
computing time unit.

BRIEF DESCRIPTION OF THE DRAWINGS

10020] FIG. 1 is a block diagram showing a semiconduc-
tor circuit for arithmetic processing of a first embodiment of
the present invention.

10021] FIG. 2 is an explanatory drawing describing the
data mnput timing for an adder 2 of the first embodiment.
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10022] FIG. 3 is an explanatory drawing describing ele-
ments of the adder of the first embodiment.

10023] FIG. 4 is a circuit diagram of an initial stage adder
used 1n a third embodiment.

10024] FIG. 5 is a circuit diagram of a next stage adder
used 1n the third embodiment.

[10025] FIG. 6 is a block diagram of a semiconductor
circuit for arithmetic processing of a fourth embodiment of

the present invention.

[10026] FIG. 7 is a block diagram of a semiconductor
circuit for arithmetic processing of a fifth embodiment of the
present 1nvention.

[10027] FIG. 8 is a block diagram of a semiconductor

circuit for arithmetic processing of a sixth embodiment of
the present mvention.

[10028] FIG. 9 is a block diagram of a semiconductor

circuit for arithmetic processing of a seventh embodiment of
the present mvention.

10029] FIG. 10 is an explanatory drawing for describing
how to search a range according to the seventh embodiment.

[0030] FIG. 11 1s a block diagram of a semiconductor

circuit for arithmetic processing of a eighth embodiment of
the present invention.

10031] FIG. 12 is a block diagram of a semiconductor

circuit for arithmetic processing of a ninth embodiment of
the present invention.

10032] FIG. 13 is an explanatory drawing describing an
A/D conversion operation of the ninth embodiment.

[0033] FIG. 14 is an explanatory drawing for describing a
tenth embodiment of the present invention.

10034] FIG. 15 a block diagram of a semiconductor
circuit for arithmetic processing of an eleventh embodiment
of the present invention.

[0035] FIG. 16 is an explanatory drawing for describing
multiplication 1n the eleventh embodiment.

[0036] FIG. 17 a block diagram of a semiconductor

circuit for arithmetic processing of an twelfth embodiment
of the present invention.

10037] FIG. 18 a block diagram of a semiconductor
circuit for arithmetic processing of an thirteenth embodi-
ment of the present invention.

[0038] FIG. 19 is an explanatory drawing for describing
multiplication in the thirteenth embodiment.

10039] FIG. 20 is an explanatory drawing for describing
the principal of a fourteenth embodiment of the present
invention.

10040] FIG. 21 a block diagram of a semiconductor

circuit for arithmetic processing of the fourteenth embodi-
ment.

[0041] FIG. 22 is a block diagram showing one example
of a carry control circuit of the fourteenth embodiment.

10042] FIG. 23 a block diagram of a semiconductor
circuit for arithmetic processing of a fifteenth embodiment
of the present invention.
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DESCRIPTION OF SYMBOLS

[0043] 1-3, 21, 26A, 26B, 56A, S6E, 56B-56D, 61

adder

10044] 4, 5, 8, 9, 14, 33, 41A, 41B, 602, 68,-68_
Memory

0045] 101A-101C, 201A, 201B neuron MOS inverter

0046] 101D-101F, 201C, 201D inverter

0047] 6, 7 difference circuit

0048] 10 minimum value circuit

0049] 11 difference circuit

0050] 12 forward rotation circuit

0051] 13 state storage circuit

0052] 22 delay circuit

0053] 23, 27, 28 comparator

0054] 24 storage circuit

0055] 29 AND gate

0056] 31, 32 general purpose circuit

0057] 36 A/D converter

0058] 37 calculation circuit

0059] 42A, 42B data bus

[0060] 43 semiconductor circuit for arithmetic process-
ing

0061] 45A-45H shift register

0062] 46A-46H partial product generating circuit

0063] 47A-47D, 48A, 48B, 49 redundant adder

[0064] 351A-51H, 52A-52D, 53A, 53B, 54 general pur-
pose calculator

[0065] 61m-63m delay element

0066] 356 adding line section

0067] 57 redundant adder

0068] 62, 63 carry control circuit

0069] 601 state control circuit

0070] 603 output circuit

0071] 66 redundant conversion circuit

0072] 67,-67_ carry processing circuit

0073] al-a9, all, al2, a21, a22, a26, a27, a31-a33,

b31, aS1,-a51, ., a61, a36 analog signal

0074] a55 multiplicand

0075] a56 multiplier

0076] a62, a66 data

0077] b6, b7, bl2 difference signal

0078] b21, b56, c56, b62, c62, d62, sl, s2 addition
signal

0079] b26 maximum value signal

0080] b27 minimum value signal
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0081] b36 digital signal

0082] bS51, ¢52, d53 control instruction

0083] b63, c63, d63 state signal

[0084] b67, b68, c67 conversion result

[0085] cl1-c4, bll, c26, c27, b55, c55, b6l, c61, dbl,

b66, c6, c21, d11, d31, 55, d66 control clock

[0086] c11 absolute value signal

0087] c66 carry signal

0088] di, d2, b32, c31, c32, b3d7, ¢22, a601 control
signal

0089] d21, d22 average value signal

0090] s3, s4 intermediate sum component

0091] A37 half range

[0092] A38 quarter range

[0093] A39 cighth range

[0094] A4S range

[0095] ASS, A56 line

[0096] BI1, A36 full range

[0097] B2-BS range

[0098] T1-T5, T71-T74 timing.

[0099] Embodiments

[0100] Embodiments of the present invention will now be
described with reference to the drawings.

10101] In the following description, “digit” has the fol-
lowing meaning. Speciiically, when data 1s represented by a
numerical value, a “digit” refers to a unit when this data is
subjected to arithmetic processing, and 1n the decimal sys-
tem 1s called a “position”. “computation” 1s not limited to
numerical computation, and also includes logical computa-
tion. Specifically, “upper order digit” represents a digit one
digit larger than a digit currently being processed, while a
“lower order digit” represents a digit one digit smaller.
“upper order digit side” refers to upper order digits of a
plurality of digits continuous from a digit currently being
processed, while “lower order digit side” refers to lower
order digits of a plurality of digits continuous from a digit

currently being processed.

[10102] Also, a “redundant number system” refers to a
number system that permits each digit of an N base system
to assume at least N+1 values.

[0103] [First Embodiment]

10104] A first embodiment is an application of the present
invention to a semiconductor circuit for arithmetic process-
ing for adding data. In the first embodiment, a binary SD
(signed digit) number system is used as a redundant base n
number system. The binary SD number system 1s one
redundant number system, and permits numbers of redun-
dant value called “-17, that were not available originally, for
binary numbers comprised of combinations of “0°s” and
“1’s”. An example of an arithmetic rule using this binary SD
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number system 1s shown 1n table 1. In the following descrip-
tion, for example, when data “010” 1s represented in the
binary SD number system this data 1s shown as “0107 o,
while when data “010” 1s being represented 1n the binary
system the data 1s shown as “010”;. Also, data “2” being
represented 1n the decimal system 1s shown as “27,.

TABLE 1
A
-1 0 1
B -1 ~1-0 ~1-1 0-0
0- -1
0 ~1-1 0 -0 0-1
0--1 1--1
1 0-0 0-1 1-0
1--1

[0105] In table 1, the two characters before the symbol
represent the “carry”, while the single character after the
symbol represents the “sum”. Table 1 i1s an arithmetic rule
representing addition of value A and value B. The result of
adding the two values 1s represented by a “sum”™ value and
a “carry” value. At this time, “sum” represents the added
value of value A and value B, and “carry” represents carry
data. In the following, “carry” 1s called a carry signal and
“sum” 1s called a sum signal. It 1s possible for “1” to “-1”
to be generated as the “carry”, and there are also combina-
tions of a number of representation techniques.

[0106] With this binary SD number system, for example,
when calculation 1s performed from the least significant digit
in the case of addition there 1s a technique of only propa-
gating a carry signal generated 1 the addition to an upper
order 2 digits. Speciiically, the carry signal only has an effect
as far as the addition result of the two upper order digits from
the digit where that signal was generated. This 1s a charac-
teristic feature of the binary SD number system.

[0107] A semiconductor circuit for arithmetic processing
using this binary SD number system 1s shown 1n FI1G. 1. The
semiconductor circuit for arithmetic processing of FIG. 1
comprises adders 1-3 and memories 4 and 5.

|0108] The adder 1 is an initial stage, that is, an input side,
computing circuit mside the semiconductor circuit for arith-
metic processing. Data al and data a2 are 1nput to the adder
1. The data al represents one digit within a number, and the
data a2 represents one digit within another number. The
numbers are represented in the binary SD number system,
and so data al and data a2 are both one of “-17, “0” or “1”.
The digits represented by data al and data a2 are sequen-
tially mnput to the adder 1 from the highest order within the
numbers.

[0109] The adder 1 reads in the data al and al on the rising
edge of a pulse 1included 1n a control signal, and adding of
the data al and the data a2 1s performed before the rising
cdge of the next control signal. When the data al and the
data a2 are added, the adder 1 follows the arithmetic rule
shown 1n the following table 2.
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TABLE 2
input internal sum
(A + B) value carry signal sum signal
(=1) + (=1) ) -1 0
(-1)+0 -1 -1 1
0+ (-1)
0+0 0 0 0
(-1) +1
1+ (-1)
0+ 1 1 0 1
1+0
1+1 2 1 0

[0110] Values of each digit represented by data al and data
a2 are in the range “-17-“1”, which means that an addition
result inside internal to the adder 1 1s 1n the range “-2” to
“2”. When the addition result 1s “-2” the adder 1 makes the
value of a carry signal cl of the binary SD number system
“~1”, and makes the sum signal s1“0”. The adder 1 outputs
the carry signal ¢l having a value “-1” to the adder 2 and
outputs the sum signal having the value “0” to the memory

4.

[0111] When the addition result inside the adder 1 is “27,

the adder 1 makes the value of the carry signal ¢1“1”, and
makes the value of the sum signal s1“0”. When the addition
result inside the adder 1 1s “0”, the adder 1 makes the values
of the carry signal ¢c1“1” and the sum signal s1“0”.

[0112] When the addition result inside the adder 1 1s “-17,
the adder 1 makes the value of the carry signal ¢c1“-1", and
makes the value of the sum signal s1°1”. When the addition
result inside the adder 1 1s “1”, the adder 1 makes the value
of the carry signal c1“0”, and makes the value of the sum
signal s1“1”. That 1s, when the addition result internal to the
adder 1 has a value of “-1” or “17, the adder 1 outputs “1”
as the value of the sum signal sl.

[0113] The memory 4 stores the sum signal s1 from the
adder 1 on the rising edge of control signal d1. A period of
time from the rising edge of the control signal d1 to next the
rising edge of the control signal d1 constitutes a computation
time unit (step). That is, the memory 4 delays the value of
the sum signal sl by a single computation time unit of
control signal d1 (from a pulse of the control signal to the
next pulse), then outputs the sum signal sl to the adder 2. In
the first embodiment a D-type flip-tlop for reading data on
the rising edge of a pulse 1s used as the memory 4. It 1s also
possible to use an RS flip-flop or a JK flip-flop instead of the
D-type flip-flop.

|0114] The adder 2 is an intermediate stage computing
circuit 1mside the semiconductor circuit for arithmetic pro-
cessing. The carry signal ¢l and the sum signal sl are input
to the adder 2. At this time, since the sum signal s1 1s delayed
by the memory 4 combinations of the carry signal c1 and the
sum signal s1 as shown in FI1G. 2 are input to the adder 2.
The adder 2 outputs a carry signal cl, and a sum signal s1,
at time 11 on the rising edge of a control signal, and outputs
a carry signal cl, and a sum signal s1., at time T2. The
adder 2 also outputs a carry signal cl+; and a sum signal
sl _ at time T3.

[0115] When in this state, since the sum signals s1..,-s1 5
are delayed by the memory 4, a combination of carry signal
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cl, and sum signal s1, are input to the adder 2 at time T2,
while a combination of carry signal cl, and sum signal s1+,
1s mput at time T3.

[0116] The adder 2 reads in carry signal ¢l and sum signal
sl on the rising edge of the control signal and performs
addition of the carry signal ¢l and the sum signal s1 before
the next rising edge of the control signal. When adding the
carry signal ¢l and the sum signal s1 the adder 2 follows the
arithmetic rule shown in table 3 below.

TABLE 3
input internal sum
(c1 + s1) value carry signal sum signal
(-1) + 1 -1 0 -1
0+0 0 0 0
(-1)+ 1
1+ 0 1 1 -1
0+1
1 +1 2 1 0

[0117] Each of the digits of the carry signal ¢l are values
in the range “-17-“1", and each digit of the sum signal sl 1s
a value of “0” or “1”, which means that the addition result
inside the adder 2 i1s 1n the range “-17 to “2”. When the
addition result inside the adder 2 1s “2”, the adder 2 sets the
value of the carry signal ¢2 in the binary SD number system
to “1” and the value of the sum signal s2 to “0”. The adder
2 outputs the carry signal c2 of value “1” to the adder 3 and
outputs the sum signal s2 of value “0” to the memory 5.
When the addition result inside the adder 2 1s “0”, the adder

2 sets the values of the carry signal ¢2 and the sum signal s2
tO iiO??.

[0118] When the addition result inside the adder 2 1s “-17,
the adder 2 sets the value of the carry signal ¢2 to “0” and
the value of the sum signal s2 to “—1”", and when the addition
result inside the adder 2 1s “1”, the adder 2 sets the value of
the carry signal c2 to “1” and the value of the sum signal s2
to “-1”7. 1n this way, when the internal addition result
becomes “—1” or “17, differing from adder 1 the adder 2
outputs “-1” as the value of the sum signal s2. The binary
SD number system 1s a redundant number system, and the
fact that one number can be represented 1n two ways 1s

utilized 1n the adder 2.

[0119] The memory 5 and the memory 4 are the same.
Specifically, the memory 5 reads the sum signal s2 from the
adder 2 on the rising edge of the control signal d2. In this
way the memory 5 delays the value of the sum signal s2 by
a single computing time unit of the control signal and
outputs the delayed sum signal s2 to the adder 3.

[0120] The adder 3 1s a final stage, namely an output side,
computing circuit mnside the semiconductor circuit for arith-
metic processing. The carry signal ¢2 and the sum signal s2
are mput to the adder 3. At this time, since the sum signal s2
1s delayed by the memory 5, the sum signal s2 outputted by
the adder 2 one computation time unit before 1s mput to the

adder 3.

[0121] The adder 3 reads in the carry signal c¢2 and the sum
signal s2 1n the rising edge of a pulse of a control signal, and
performed addition of the carry signal ¢2 and the sum signal
s2 before the rising edge of the next pulse. When adding the
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carry signal ¢c2 and the sum signal s2, the adder 3 follows the
arithmetic rule shown 1n table 4 below.

TABLE 4
input
(c2 + s2) addition result output
0+ (=1) -1 -1
0+0 0 0
1+ (-1)
1 +0 1 1

[0122] Values that can be used for the carry signal ¢2 are
“0” and “1”, while values that can be used as the sum signal
s2 are “—17 and “0”, which means that the addition result
inside the adder 3 1s 1n the range “-1” to “1”. The adder 3
outputs the internal addition result as 1t 1s as data a3. That 1s,
a carry signal representing carry in the binary SD number
system 15 not included in the addition result of the adder 3.

[0123] Operation of the first embodiment will be described
next.

0124] Here, an example where data [100]¢, and data
00-1]_ are added, specifically

[100]5 5+ 00-1 5,

[0125] will be described.
[0126] The two data items are.

[100]5[):[4]1)
[00'1]51):[_1][)

[0127] which means that the addition result will be a value
of [3],, in the decimal system. Computation for this addition
1s carried out as follows.

[0128] As shown in FIG. 3, at time T1 of the control
signal, “1” representing the most significant digit of [100].,
and “0” representing the mist significant digit of [00-1 .
are mput from the previous stage circuit to the adder 1 as
data al and data a2. As a result, the internal addition result
becomes “1” and so the adder 1 follows the arithmetic rule
shown 1n table 2 to make the value of the carry signal c1“0”
and make the value 1f the sum signal s1*1”. The memory 4
receives “1” from the adder 1 and outputs this value at the
next time 1T2. As a result, at the point in time where the sum
signal s1 having a value of “1” 1s received, the sum signal
s1 having a value of “0” 1s output.

[0129] The adder 2 adds a value “0” of the carry signal cl
received from the adder 1 and a value “0” of the sum signal
sl received from the memory 4. As a result, the internal
addition result becomes “0” which means that the adder 2
follows the truth able shown 1n table 3 to set the values of
both the carry signal ¢2 and the sum signal s2 to “0”. The
memory S outputs value “0” received the previous time.

[0130] The adder 3 adds the value “0” of the carry signal

c2 received from the adder 2 and the value “0” of the sum
signal s2 received from the memory 4. As a result, the
internal addition result becomes “0” and so the adder 3

follows the arithmetic rule shown 1n table 4 and sets the
value of data a3 to “0”.

[0131] At time T1 of the control signal data a3 having a
value of “0” 1s output to the final stage circuit as a compu-
tation result for the most significant digit.
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[0132] At time T2 of the control signal, “0” representing
seccond digit from the most significant digit in the data
| 100 ¢, and “0” representing the second digit from the most
significant digit in the data [00-1 |, are input to the adder
1 from a previous stage circuit. In the same way as for the
case of time T1, adders 1-3 use the arithmetic rules 2-4, and
the memories 4 and § delay the values to add the second
digits. As a result, data a3 having a value of “1” 1s output to
the final stage circuit at time T2 of the control signal.

[0133] At time T3 of the control signal, “0” representing
third digit from the most significant digit in the data [ 100],
and “-1" representing the third digit from the most signifi-
cant digit in the data [ 00-1],, are input to the adder 1 from
a previous stage circuit. In the same way as for the case of
time 11, adders 1-3 and the memories 4 and 5 add the third
digits. As a result, data a3 having a value of “-~1" 1s output
to the final stage circuit at time T3 of the control signal.

10134] At time T4 of the control signal, in order to
complete the computation, values of “0” are respectively
input to the adder 1 as data al and a2 of a previous stage
circuit. As a result, data a3 having a value of “0” 1s output
to the final stage circuit at time T4. At time T35 of the control
signal, similarly in order to complete the computation,
values of “0” are respectively input to the adder 1 as data al
and a2 of a previous stage circuit. As a result, data a3 having
a value of “-1” 1s output to the final stage circuit at time T3.
Usmg T1 to TS, the value of data output to the final stage
circuit by the adder 3 becomes [01-10-1]¢. This data
becomes [ 3], in the decimal system, and so the correct result
1s output.

[0135] In this way, according to the first embodiment,
when adding two data items, since a carry signal does not
occur addition from the most significant digit 1s possible.
Specifically, by providing the memories 4 and 5 as delay
means, and with an extremely simple structure of only
computation circuits 1-3 for necessary digits, it 1s possible to
carry out all addition processing from an upper order digit in
single digit or multiple digit units. That 1s, addition 1is
realized with a small scale circuit.

[0136] Also, first embodiment is not limited to addition
from an upper order bit, and icludes subtraction, and all
computations that require a carry signal can be realized.
Generally, information has more important elements in the
upper digits than 1n the lower digits, and so by carrying out
processing from the upper order digit 1t becomes possible to
acquires elffective information earlier. Also, since there 1s a
computation circuit for one digit, there 1s also the advantage
that miniaturization 1s possible.

[0137] With the first embodiment, a binary SD number
system 1s used for the values of data al and data a2, but 1t
1s also possible to use ordinary binary. It 1s possible to use
clock pulses as each of the control signals. At that time, the
memories 4 and S store values on the clock edge.

[0138] Addition is also possible with a decimal 11-valued
redundant number system, using a circuit structure similar to
the first embodiment. Redundant numbers do not have to be
negative, and there 1s no problem if they extend 1n a positive
direction. With the first embodiment, the adder was a three
stage structure, but 1f the adder 1s made having four or more
stages 1t 1s possible to realize an adder with multiple inputs
from an upper order digit.
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[0139] Further, a carry signal generated in a binary SD
number system 1s conveyed to two upper order digits, but
compared to the binary SD number system, with a number
system having a large degree of redundancy propagation of
the carry signal 1s kept to one upper order digit. As a resullt,
to make the adder a two stage adder.

0140] [Second Embodiment]

0141] In the second embodiment, the adder 1 and the
adder 2 of the first embodiment are i1mplemented as
described 1n the following. Specifically, because of this two
digit binary, comprising combinations of “0” and “17, 1s
used. According to two digit binary there are four combi-
nations of “0” and “1”. In the second embodiment, “0” 1n the
binary SD number system 1s expressed two ways 1n binary.
Accordingly, “17, “0” and “-1" 1n the binary SD number
system 1s expressed as follows 1n binary.

[0142] “-1” 1n binary SD . . . [11]4
[0143] “0” in binary SD . . . [00]g, [10],
[0144] “1” in binary SD . . . [01].

10145] Using binary SD “1”, “0” and “-1" expressed in
this way means the adder 1 becomes as follows. For
example, 1n the case of data al of “0” and data a2 of “-17,
data al being a value of [00]; and data a2 being a value of
'11], are input to the adder 1.

0146 Inside the adder 1, if binary SD representation is
used, the additional result 1s “—~17. In this case, In accordance
with table 2, the value of the carry signal is “-17, [11]; 1s
output as the carry signal and [01]; is output as the sum
signal.

[0147] In this way, when inputs are [00], and [ 11 ]; 1n the
case of adder 1, outputs are [11]; and [01],. Further, based
on other combinations of inputs and outputs, the adder 1 can
be constructed using AND gates, OR gates and NO'T gates.

[0148] There are various matches for “-17, “0” and “1”
constituting the binary SD number system in the binary

system. Because of these matches, combinations are pos-
sible that are not limited to the AND, OR and NOT of the
AND gates OR gates and NOT gates.

[10149] Also, besides a circuit structure using combinations
of AND gates, OR gates and NOT gates, design 1s possible
with combinations of other logical functions.

0150] [Third Embodiment]
0151] In the third embodiment, the adder 1 and the adder

2 of the first embodiment have the following structure.

[0152] Specifically, the adder shown in FIG. 4 is used as
the adder 1. The adder 101 1n FIG. 4 1s comprised of neuron
MOS inverters 101A-101C made using neuron MOS (Metal
Oxide Silicon) transistors and inverters 101D-101F.

[0153] The neuron MOS inverters 101A-101C are sequen-
tially connected.

[0154] The output of the neuron MOS mverter 101A 1is
connected to the of the neuron MOS 1nverter 101C and to the
inverter 101F, the output of the neuron MOS mverter 101 B
1s connected to the of the neuron MOS nverter 101C and to
the imverter 101E, and the output of the neuron MOS
mnverter 101C 1s connected to the inverter 101D.
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[0155] Data a4 and data a5 comprising 2 bits correspond
to the data al and data a2 1n FIG. 1. A digit of a number 1n
the redundant number system 1s represented by data a4 and
data a5. Data a4 and data a5 can not be implements using an
clectrical signal being transmitted on a single signal line.
Accordingly, 1in order to implement data a4 and data a$ two
signal lines are required.

[0156] Inthe third embodiment, “-1"¢ 1s implemented as
“007g, “07¢p 1s implemented as “1075 and “17 4, 1S 1mple-
mented as “1175. With these implementations, processing 1s
extremely simple for neuron MOS. That 1s, when the number
of “1”s on the two signal lines 1s 0 1s represented by “-1" ¢,
when the number of “1”s 1s 1 1s represented by “0” and when
the number of “1”s 1s 2 1s represented by “+17.. The
relationship between this information on the number of “1”s
and the original SD number, and the number of “1”s can be
simply calculated 1n the neuron MOS, by 1nputting respec-
five signal lines to two equal capacity input terminals.

[0157] A threshold value is provided in the neuron MOS
mverters 101 A and 101B. The threshold values are provided
so as to invert the output when addition results are “-0.5"
and “1.5”. By inverting respective outputs the carry signal
c3 1s output. The redundant number of the carry signal c3
and the code of the electrical signal are the same a data a4
and data aS. At the same time, the output of the neuron MOS
mverter 101B 1s 1nput to the neuron MOS mverter 101C.
Also, s3 corresponding to the sum signal 1s output by the
inverter 101D 1nverting the output of the neuron MOS
transistor 101C. s3 corresponds to sl i FIG. 1.

[0158] FIG. 5 is corresponds to the adder 2 in the first
embodiment. The adder of F1G. 5 comprises neuron MOS
inverters 201 A and 201B. The neuron MOS 1nverters 201A
and 201B are sequentially connected. The output of the
neuron MOS mverter 201 A 1s connected to the neuron MOS
inverter 201B and the mverter 201C, and the output of the

neuron MOS 1nverter 201B 1s connected to the inverter
201D.

[0159] An intermediate sum component s3 and a carry
signal ¢3 from a previous stage counter are added. When an
internal addition result 1s “-0.5”, the output of the neuron
MOS inverter 201A 1s 1nverted, and that output 1s inverted
by the inverter 201C to output the carry signal c4. At the
same time, the addition result component s4 1s output by
inputting the output of the neuron MOS 1nverter 201 A to the
neuron MOS 1nverter 201B. The addition result component
s4 represents “—1” when at a low level and represents “0”
when at a high level. ¢4 and s4 respectively correspond to c2

and s2 1n FIG. 1.

[0160] The adder corresponding to the adder 3 in first
embodiment 1s not required when using neuron MOS tran-
sistors. An intermediate sum component s4 from the adder
201 1s delayed by one computing time unit by a delay
clement. The carry signal c4 and the delayed addition result
component s4 are output as a pair. The delay element 1s the
memory 4 of the first embodiment. This pair output corre-
sponds to a3 1n FIG. 1, and correspondence between the
redundant number and the two signal lines 1s the same as the
correspondence between a4 and a8.

[0161] In this way, if neuron MOS transistors are used it
1s possible to implement a circuit extremely easily. Also, it
1s not limited to binary SD numbers, and 1t 1s also possible
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to implement a redundant adder having one delay element
(propagation of carry signal to one upper order digit) by
using a redundant adder with an increased radix, using a
redundant adder with an increased number of 1nputs, called
a 4-mnput redundant adder or increasing the radix and the
redundant number.

[0162] In the third embodiment, an inverter circuits is used
as the basic gate for neuron MOS transistor computation, but
it 15 possible to provide any threshold value and as long the
output 1s 1n the format having binary “1”s and “0”s there 1s
no limitation to an inverter circuit. For example, it 1s
possible to use sense amplifier type logic circuits.

0163| [Fourth Embodiment]

0164] The fourth embodiment is an application of the
present invention to a semiconductor circuit for arithmetic
processing that calculates and outputs the smaller of a
difference between a first number and a second number, and
a difference between a third number and a fourth number.
This semiconductor circuit for arithmetic processing 1s
shown 1n FIG. 6. The semiconductor circuit for arithmetic
processing of FIG. 6 comprises difference absolute value
circuits 6 and 7, memories 8 and 9, and a minimum wvalue
circuit 10.

[0165] Data a6 representing one digit of the first number
and data a7 representing one digit of the second number are
input to the difference circuit 6. The data a6 and the data a7
are sequentially input to the difference circuit 6 from the
most significant digit. The difference circuit 6 calculates a
difference between the mput data a6 and data a7 and outputs
a difference signal b6 representing the calculated difference
to the memory 8.

[0166] Similarly, data a8 representing one digit of the third
number and data a9 representmg one digit of the fourth
number are mput to the difference circuit 7. The data a8 and
the data a9 are sequentially input to the difference circuit 7
from the most significant digit. The difference circuit 7
calculates a difference between the mput data a8 and data a9
and outputs a difference signal b7 representing the calcu-
lated difference to the memory 9.

[0167] The memories 8 and 9 are operated by a control
clock c6. If D-type flip-flops, for example, are used as the
memories 8 and 9, the memories 8 and 9 update stored
contents using an edge tricger of the control signal c6.
Specifically, the memories 8 and 9 output difference signals
b6, b7 for the previous single computation time unit to the
minimum value circuit 10.

[0168] The minimum value circuit 10 outputs a signal
according to a size relationship of the difference signals b6
and b7 from the memories 8 and 9. Specifically, when the
difference signal b6 1s small compared to the difference
signal b7, difference signal b6 1s output. This condition is a
first condition. When the difference signal b7 i1s small
compared to the difference signal b6, the minimum value
circuit 10 outputs the difference signal b7. This condition 1s
a second condition. If difference signal b6 and difference
signal b7 are the same, the minimum value circuit 10 can
output either the difference signal b6 or the difference signal
b7. This condition 1s a third condition.

[0169] Until a reset signal is supplied to the minimum
value circuit 10, the minimum wvalue circuit 10 does not
change from the first condition or the second condition.
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[0170] Operation of the fourth embodiment will now be
described 1n the following.

[0171] The difference circuit 6 calculates a difference
between data a6 and data a7, and the difference circuit 7
calculates a difference between data a8 and data a9. Calcu-
lation results are output as difference signals b6 and b7.

[0172] The difference signals b6 and b7 are input to the
memories 8 and 9. AT this time, the stored contents are
updates using the control clock ¢6. Output from the memo-
ries 8 and 9 1s a difference result for an upper order digit,
being the computation result for the previous time. Specifi-
cally, the memories 8 and 9 delay the difference signals b6
and b7 and operate to partition the digit information.

[0173] The memory 8 and the memory 9 output stored
difference signal b6 and b7 to the mimimum value circuit 10.
The minimum value circuit 10 then selects the smaller value
of the difference signal b6 and the difference signal b7, and
outputs the selected difference signal.

10174] After that, using the next pulse of the control signal
cb the digits of data ab6-a9 are transferred, computation
moves to one digit lower and computation progresses in the
direction from the upper order digits to the lower order
digits.

[0175] In this way, according to the fourth embodiment, it
1s possible to sequentially output the smaller difference
value from the upper order digits. Normally, when deter-
mining a minimum value it 1s necessary to sequentially
check from upper order digits within the digits making up
the data. As a result, the fourth embodiment 1s suitable for
computation from an upper order digit.

[0176] Also, by arranging different computing elements in
multiple stages 1t 1s possible to implement combinations of
complex computations.

[0177] 'This is one of the features of performing processing
from an upper order digit. In the fourth embodiment, com-
putation 1s 1n two stages, but it 1s also possible to have more
than two stages.

[0178] Further, it is not always necessary to have memory
for partitioning and storing digit information 1n each stage,
they do not need to be provided in the output of the final
stage.

10179] [Fifth Embodiment]

[0180] In the fifth embodiment, this invention is applied to
a semiconductor circuit for arithmetic processing for calcu-
lating an absolute value of a difference. This semiconductor
circuit for arithmetic processing 1s shown in FI1G. 7. The
semiconductor circuit for arithmetic processing of FIG. 7
comprises a difference circuit 11, a forward and backward
rotation circuit 12, a state storage circuit 13 and a memory

14.

[0181] Data all representing one digit of a first number and
data al2 representing one digit of a second number are 1input
to the difference circuit 11. The data all and al2 are
sequentially input to the difference circuit 11 every comput-
ing time unit from the most significant digit of digits making
up the data.

|0182] The difference circuit 11 subtracts the input data
al2 from the mput data all. The difference circuit 11 then
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outputs a carry signal bll generated by the difference
calculation, and outputs a difference signal bl2 represented
the subtracted difference to the forward and backward
rotation circuit 12 and the state memory 13.

[0183] The state memory 13 stores the state of the differ-
ence signal bl2. There are three state 1n the difference
calculation. A state where a decision as to which one of the
data all or the data al2 1s larger 1s entrusted to a lower order
digit, a state where 1t has been decided that data all 1s larger,
namely when the difference signal b12 i1s positive, and a
state where 1t has been decided that the data al2 1s larger,
namely that the difference signal b12 i1s negative. Once it has
been decided that one of the data is larger, that state 1s not
removed until processing 1s completed. The state memory 13
stores these three states. When the state 1s that 1t has been
decided that data al2 1s larger, the state storage circuit
outputs a rotate instruction to the forward and backward
rotation circuit 12.

|0184] The forward and backward rotation circuit 12
obtains an absolute value of the value of the difference signal
b12. In order to do this, the forward and backward rotation
circuit 12 uses the state of the difference signal b12 stored
in the state storage memory 13. Specifically, when the state
1s that data al2 1s large, the difference signal b12 1s negative,
and so the forward and backward rotation circuit 12 rotates
code representing the sign of each digit of the difference
signal bl2. The forward and backward rotation circuit 12
thus sequentially outputs an absolute value signal cl11 rep-
resenting the absolute value of the calculated difference
signal bl2 from an upper order digit.

[0185] The memory 14 is operated by a control circuit d11
and stores the absolute value signal from the forward
rotation circuit.

|0186] Using this fifth embodiment, the absolute value
signal c11 stored 1n the memory 14 1s output at the next clock
of the control signal d11. Specifically, the absolute value
signal c11 1s delayed by one computation time unit. In this
way, a carry signal bll generated by the difference circuit
11, and an absolute value signal cl11 output by the memory
14 come to represent the same digit at the same time, and 1t
1s easy to handle using an external circuait.

[0187] [Sixth Embodiment]

|0188] In the sixth embodiment, the present invention is
applied to a semiconductor circuit for arithmetic processing
which carries out an arbitrary operation from an upper order
digit, then compares and decides from an upper order digit,
and omits arithmetic processing including comparison and
decision for a remainder when authenticity has been defined.
This semiconductor circuit for arithmetic processing 1is
shown 1n FI1G. 8. This semiconductor circuit for arithmetic
processing 1s a circuit for finding out the maximum from
among a plurality of sets based on an average value of two
binary numbers, a delay circuit 22, a comparator 23 and a
storage circuit 24.

[0189] Data a21 representing one digit of a first number
and data a22 representing one digit of a second number are
input to the adders 21. The data a21 and a22 are sequentially
input to the adder 21 from the most significant digit. The
adder 21 adds the input data a21 and a22, and outputs a sum
signal representing the addition result to the delay circuit 22.
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This adder 1s the circuit described 1n the first embodiment,
and has internal delay means and does not generate a carry
signal to the outside.

[0190] The delay circuit 22 receives the sum signal b21
from the adder 21 and delays the sum signal by one
computation time unit using a control clock ¢21. When
processing 1s performed from an upper order digit, the delay
by one computation time unit 1s equivalent to a digit being,
delayed by one digit, specifically, to dividing a duodecimal
number by two. Since the first data and the second data are
binary numbers, delay by one digit 1s the same as dividing
by two, as a result of which an average value 1s calculated.
The delay circuit 22 outputs an average value signal d21
representing the average value to the comparator 23.

[0191] On the other hand, the storage circuit 24 stores a
maximum average value signal d22 output by the compara-
tor 23. Them when a control signal €22 from the comparator
23 1s OFF the currently stored average value signal, namely
an average value signal representing a maximum of past
average values, 1s sequentially output from the most signifi-
cant digit to the comparator 23. When the control signal €22
from the comparator 23 i1s ON, the storage circuit 24
suspends output, and carries out preparation so that from the
next time a maximum average value 1s again output sequen-
tially.

10192] The comparator 23 receives the average value
signal d21 from the delay circuit 22 and a past maximum
average value signal from the storage circuit 24 sequentially
from an upper order digit. The comparator compares a value
representing the average value signal d21 from the delay
circuit 22 and a value representing the past maximum
average value signal from the storage circuit 24, and deter-
mines which 1s lareer. The comparator 23 then outputs the
larger average value signal to the memory circuit sequen-
tially from an upper order digit.

[0193] When two average value signals are being com-
pared, 1 the maximum value of average values from the
past, namely a value representing an average value from the
storage circuit 24, 1s larger, then there are cases where 1t 1s
possible for the comparator 23 to make a decision. For
example, according to the binary SD number system, an
average value signal from the delay circuit being [00-1 . . .
]« corresponds to a case of the average value signal from
the storage circuit having being [010 . . . ]¢n. In this case,
the comparator 23 can confirm the comparison decision at a
point 1n time a certain number of digits from the high order.

In this case the comparator 23 turns the control signal €22
ON.

10194] At the point in time when the control signal €22 is
turned ON, the comparator 23 stops comparison decision for
subsequent lower order digits, which means that output of
the average value signal by the storage circuit 24 1s sus-
pended and average value calculation and comparison com-
putation are suspended. Data transfer for all computation
circuits then returns to from the most significant digit, and
the next digit data a21 and a22 are mput.

[0195] Data are then sequentially compared from an upper
order digit, the larger ones among the compared results are
output and if the maximum value can not be updated
computational processing including comparison of a digit
having a comparison result and subsequent digits can be
omitted. As a result, 1t 1s possible to realize computation that
1s not wasteful.
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[0196] Also, by suppressing non-wasteful computation
not only 1s 1t possible to speed up the processing, but it also
becomes possible to realize a circuit having low power
consumption. This 1s particularly effective when processing
a large amount of data.

[0197] The type of computation is not limited to average
values, and the type of comparison and decisional compu-
tation 1s not limited to maximums, and a circuit for per-
forming comparison or decision for any kind of computa-
tional result 1s acceptable, for example a circuit for
outputting a value equal to or less than a difference value
between two numbers.

[0198] Also, after the instruction to suspend computation,
it 15 necessary to have a data bufler before the data a21 and
data a22 in order to rapidly input the subsequent data.

0199] [Seventh Embodiment]

0200] With the seventh embodiment, the present inven-
tion 1s applied to a semiconductor circuit for arithmetic
processing for computing a range of values representing data
and deciding whether or not the computed results are 1 a
specified range. This semiconductor circuit for arithmetic
processing 1s shown 1 FIG. 9. The semiconductor circuit
for arithmetic processing of F1G. 9 comprises an adder 26 A
for outputting a maximum value, an adder 26B for output-
ting a minimum value, comparators 27 and 28, and an AND
cgate 29,

[0201] The adder 26A for outputting a maximum value
computes a maximum value, among values obtained using a
lower order digit side, as a result of addition of data a26 and
data a27 sequentially mput from an upper order digit. The
adder 26 A then outputs a maximum value signal b26 rep-
resenting the computed maximum value.

[10202] The adder 26B for outputting a minimum value
computes a minimum value, among values obtained using a
lower order digit side, as a result of addition of data a26 and
data a27. The adder 26B then outputs a minimum value
signal b27 representing the computed minimum value.

[0203] The comparator 27 compares a predetermined
upper limit value with the maximum signal b26 output from
the adder 26A. When the result of comparison 1s that the
value represented by the maximum value signal b26 1s small
compared to the upper limit value, the comparator 27
outputs logical true to c26. When this 1s not the case, logical
false 1s output to c26.

[0204] The comparator 28 compares a predetermined
lower limit value with the minimum signal b27 output from
the adder 26B. When the result of comparison is that the
value represented by the minimum value signal b27 1s large
compared to the upper limit value, the comparator 27
outputs logical true to ¢27. When this 1s not the case, logical
false 1s output to ¢27. When both ¢26 and c27 are true, the
value becomes “17, while if either 1s false the value 1s “0”.

[0205] The AND gate 29 computes a logical and of the

output ¢26 from the comparator 27 and the output ¢c27 from
the comparator 28. When each of the comparators 27 and 28
output true, the AND gate 29 outputs true. Conversely, it
either of the outputs c26 or c27 1s false, the AND gate 29
outputs false.

[0206] According to the seventh embodiment, as shown,
for example, in FIG. 10, a decision 1s made as to whether or
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not an addition result 1s 1n a specified range. In FIG. 10, a
binary number system 1s assumed. Specifically, 1n the 1nitial
state, there 1s a possibility that the range of the maximum
value computed by the adder 26 A and the minimum value
computed by the adder 26B 1s the entire range Bl. In the
event that the computation result of the most significant digit
1s “07, a range that will be obtained using subsequent digits
is from [011 ... 11]5 to [0000 ... O],. Accordingly, the range
B2 1s a section obtained within the addition result. In this
case, both of the comparators 27 and 28 will be outputting
false.

10207] In the event that a computation result using data
a26 and a27 for the next digit down 1s “1”, the minimum
value is updated to [010 . . . O]. In this case, the range B3 is
a section obtained within the addition result.

[0208] In the event that a computation result using data
a26 and a27 for the next digit down 1s “0”, the maximum
value is reduced to [01011 . . . 1]. In this case, the range B4
1S a section obtained within the addition result. At this time,
the maximum value of range B4 1s smaller than the upper
limit value. Specifically, the comparator 27 outputs true.
However, the comparator 28 outputs false, and so the overall
output remains at false.

[10209] If the computation result using data a26 and a27 for
the next digit down becomes “1” like the range BS, the
minimum value becomes larger than the upper limit value.
As a result, 1t will be known that the range B5 1s 1n a
speciflied range determined by the upper limit value and the
lower limit value, without computing subsequent lower
order digits. In this case, both of the comparators 27 and 28
output true, and so the output of the AND gate 29 1s also true.

10210] In this way, using seventh embodiment, it 1S pos-
sible to detect whether or not a result of addition of data a26

and data a27 lies within a specified range.

[0211] With the seventh embodiment, the adders 26 A and

26B are used, but any computation 1s possible if there 1s a
circuit structure capable of detecting a maximum value and
a minimum value.

[0212] Also, as the comparison computation, it is possible
to only compare with an upper limit value, or to only
compare with a lower limit value.

10213] Further, although not shown in the drawings, it is
also possible to detect whether or not data 1s within a
specified range by carrying out a comparison between the
upper limit value and the minimum value, or carrying out a
comparison between the lower limit value and the maximum
value.

0214]| [Eighth Embodiment]

0215] With the eighth embodiment, the present invention
1s applied to a semiconductor circuit for arithmetic process-
ing capable of switching between computing functions. This
semiconductor circuit for arithmetic processing 1s shown 1n
FIG. 11. The semiconductor circuit for arithmetic process-
ing shown 1n FI1G. 11 comprises general purpose circuits 31
and 32 capable of processing from an upper order digit, and
a memory 33.

[0216] The general purpose circuit 31 is a circuit having a
plurality of functions that can be processed sequentially
from upper order digits, such as an addition function from an
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upper order digit or a comparison function from an upper
order digit. One function among the plurality of functions is
selected using an 1instruction represented by the control
signal c31. The general purpose circuit 31 processes 1nput
data a31 and a32 using the selected computation function.
After processing, the general purpose circuit 31 outputs data
b31 representing a computation result to the memory 33.
The general purpose circuit 31 also out puts the control
signal b32 for an upper order digit, as required.

[0217] The general purpose circuit 32, similarly to the
general purpose circuit 31 1s a circuit having a plurality of
functions to be processed sequentially from upper order
digits, such as an addition function or a comparison func-
tion. The general purpose circuit 32 selects one function
from among the plurality of functions using an instruction
represented by the control signal ¢32. The general purpose
circuit 32 processes mput data a33 and data b32 from the
memory 33 using the selected function.

[0218] The memory 33 delays the data b31 from the
general purpose circuit 31 by a single computation time unit
using a control clock d31. The memory 33 then outputs the
delayed data b32 to the general purpose circuit 32.

[0219] According to this eighth embodiment, it is possible
to control a computation function using control signal c31
and ¢32, and 1t 1s possible to output a response according to
an 1nstruction representing by the control signals ¢31 and
c32. That 1s, by supplying the control signals ¢31 and c32,
it 1s possible to set any computation function.

[0220] The eighth embodiment is made up of two general
purpose circuits and a single memory, but the number of
general purpose circuits and memories, or the combinations
thereof, are not limaited.

[10221] Also, a general purpose circuit can be realized by
preparing a circuit for carrying out each function, and can be
realized with flexware using neuron MOS transistors, but the
general purpose circuit 1s not especially limited.

[0222] Further, the control signals ¢31 and ¢31 can be the
same or different. For example, continuous computation
where control signal ¢31 represents an addition instruction
and control signal c32 represents a comparison instruction 1s
possible, and also an instruction for computing consecutive
digits by making ¢31 and ¢32 both addition instructions is
also possible.

[0223] [Ninth Embodiment]}

10224] In the ninth embodiment, the present invention is
applied to a semiconductor circuit for arithmetic processing
that carries out data processing after analog to digital (A/D)
conversion of an analog signal sequentially from an upper
order digit, referred to generally as a successive approxi-
mation method. This semiconductor circuit for arithmetic
processing 1s shown 1n FI1G. 12. The semiconductor circuit
for arithmetic processing of FIG. 12 comprises an A/D
converter 36 and a computing circuit 37.

[10225] The A/D conversion circuit 36 is means for con-
verting an analog signal to a digital signal. The A/D con-
version circuit 36 sequentially converts to a digital signal
from an upper order digit using a conversion method gen-
erally referred to as the successive approximation method.
For example, 1n the case of a binary number, the entire
number 1s partitioned into two regions, and it 1s determined
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which region an input analog voltage belongs to. If the result
of determination 1s on the high voltage side “1” 1s output,
while 1f 1t 1s on the low voltage side “0” 1s output. Next, the
region that the analog voltage belongs to 1s further divided
into two regions, and 1t 1s determined which region the
analog voltage belongs to. Similarly, 1f it belongs 1n the high
voltage side region “1” 1s output, while 1f it belongs 1n the
low voltage side region “0” 1s output. By repeating these
divisions and decisions, and making the range of the region
in which the mput analog voltage belongs successively
narrower, sequential conversion 1s carried from the upper
order digit. The division and decision are performed every
compufting time unit.

[10226] Conversion elements of the A/D converter 36 will
be described 1n detail using FIG. 13. The voltage level of an
analog signal a36 input to the A/D converter 36 (hereinafter
referred to as the input voltage) is the level shown by the
dotted line. Initially, the A/D converter decides whether the
input voltage 1s larger or smaller than half the maximum
amplitude. In this case, the full range A36 of the maximum
amplitude 1s divided mto two smaller ranges, and it 1s
determined whether the input voltage 1s 1n the minimum side
half range or the maximum side half range. In this case, the

input voltage 1s in the maximum side half range, and so the
A/D converter 36 outputs a digital signal b36 with a first bit
Of Eil!?i

[10227] After the next computing time unit, the maximum
side half range A37 1s further divided into two quarter
ranges, and 1t 1s determined whether the 1nput voltage 1s in
the minimum side quarter range or the maximum side
quarter range. In this case, the input voltage 1s i1n the
minimum side quarter range and so the A/D converter 36
outputs the digital signal b36 having the second bit of “0”.
Subsequently, in the same manner, the A/D converter 36
outputs a result “1” for the third bit 1n the quarter range A38,
and outputs a result “1” for the fourth bit in the eighth range
A9 every computing time unit.

[0228] In this way, the A/D converter narrows the voltage
range and converts the analog signal a36 to a digital signal
b36. At this time, the A/D converter 36 outputs conversion
results sequentially from the upper order digit. This type of
A/D conversion 1s already known, but a feature of this patent
1s that the computation circuit 37 matches from the upper
order digit and this conversion 1s synchronized with this
computation circuit 37.

10229] Also, if the A/D converter 36 receives the control
signal b37 from the computing circuit 37 A/D conversion of
the analog signal 36a from the upper order digit 1s sus-
pended.

10230] If the computing circuit 37 receives the digital
signal 36b output from the A/D converter 36, computing set
in advance 1s carried out for the digital signal b36. If the
computing circuit 37 then determines that there 1s no need to
convert the analog signal a36 to the digital signal b36, based
on the computational result, a control signal b37 represent-
Ing suspension of conversion 1s output to the A/D converter
36. Determination that conversion is not required will be the
result when, for example, the conversion precision required
by the A/D converter has been obtained at that time, or when
the authenticity of any determination stage 1s confirmed.

[0231] According to the ninth embodiment, by returning
the control signal bd7 to the A/D converter 36 analog to
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digital conversion 1s suspended midway through, and 1t 1s
possible to mput the next analog-signal. As a result, wasteful
conversion 1s curtailed, the average conversion rate 1s
improved and there 1s the advantage that power consumption
1s reduced.

[0232] In the ninth embodiment, the voltage range is
narrowed by half in order to obtain an output per bit (binary
number) as a digital signal b36, but in the case of output per
plurality of bits, it 1s possible to divide the voltage range by
1/2™ and make a decision as to which range the analog signal
1s 1n order to obtain output every N bits.

0233] [Tenth Embodiment]

0234] In the tenth embodiment, the present invention is
applied to a semiconductor circuit for arithmetic processing
using a bus that that can transmit data having a flexible bit
width. This semiconductor circuit for arithmetic processing,
will be described using F1G. 14. In FI1G. 14, memories 41 A
and 41B are bit-sequential memories. Specifically, the
memories 41A and 41B store a plurality of data i1tems, and
the data are output to a data buses 42A and 42B every digit
of a computation unit. At this time, the memories 41 A and
41B sequentially output data every digit from upper order
digits to lower order digits. That 1s, for a binary number, the
memories 41A and 41B have such a structure that stored data
1s output sequentially one bit at a time from upper order bits
to lower order bits. The memories 41 A and 41B can be made
of, for example, shift registers.

[0235] A semiconductor circuit for arithmetic processing
43 that 1s connected to the memories 41 A and 41B through
data buses 42A and 42B 1s a computing circuit or computing
unit for sequentially processing data from the upper order
digits.

[0236] The data buses 42A and 42B are preferably 1 bit
wide per one data item. Specifically, the bus width of the
data buses 42A and 42B corresponds to the number of data
items simultaneously read out from the memories 41A and
41B (=degree of parallelism).

[10237] In this way, compared to a conventional bus width
which 1s the data bit width or a multiple of the data bit width,
according to the tenth embodiment the overall bus width can

be made the number of data 1items simultaneously read out
from the memories 41 A and 41B.

10238] With the tenth embodiment, a description has been
orven where a single bit unit has been adopted as the
computation unit, but it goes without saying that the present
invention 1s not limited to this and can adopt two or more
bits as the computation unit.

[10239] Also, a single circuit 1s used as the semiconductor
circuit for arithmetic processing 43, but 1t does not espe-
cially have to be a single circuit as long as 1t 1s a semicon-
ductor circuit for arithmetic processing for processing
sequentially from an upper order digit.

10240] [Eleventh Embodiment]

10241] In the eleventh embodiment, the present invention
1s applied to a semiconductor circuit for arithmetic process-
ing for carrying out multiplication from an upper order digit
using addition from the upper order digit. This semiconduc-
tor circuit for arithmetic processing 1s shown in FIG. 185.
The semiconductor circuit for arithmetic processing of FIG.
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15 comprises shift registers 45A-45H, partial product gen-
erating circuits 46A-46H, and redundant adders 47A-47D,

48A, 48B and 49.

10242] The shift registers 45A-45H are together assumed
to constitute as 8 bit multiplier, and are located at 8 places.
On a clock edge, data input from an upper order byte are
sequentially shifted so that the contents of shift register 45G
are shifted into shift register 45H, the contents of shift
register 45F are shifted into shift register 45G, the contents
of shift register 45E are shifted mto shift register 45F, and so
on, and multiplier information for a new digit 1s 1input to shaft
register 45A. This data 1s sequentially input from the most
significant digit of data representing the multiplier to the
shift register 45A. The shift registers 45A-45H output the
stored multiplier data to the partial product generating
circuits 46 A-46H. For example, 1n the initial step the most
significant digit of multiplier data 1s input to the shift register
45A, and data 1s output to the partial product generating
circuit 46A. “0” 1s stored i1n the remaining shift registers
45B-45H. In the next step, the most significant digit 1s stored
in shift register 45B, data of the second digit from the most
significant digit 1s stored in shift register 45A, and the data

are respectively output to the partial product generating
circuits 46A-46B.

10243] The partial product generating circuits 46A-46H
are 8 times partial product generating circuits for 8 bait
multiplication, and compute partial products of a multiplier
output from the shift registers 45A to 45H, and a multipli-
cand having all bits 1input at the same time. The multiplicand
1s arranged so that the most significant digit 1s input to 464
and the least significant digit 1s mnput to 46H. Then, the
partial product generating circuits 46 A-46H output the par-
fial products of the same digit in the multiplication to the
adding circuits sequentially from the most significant digit.

10244] The redundant adders 47A-47D, 48A, 48B and 49
are connected 1n a tree-like configuration. With this tree-like
connection, the redundant adders 47A-47D, 48A, 48B and
49 add the partial products generated by the partial product
generating circuits 46A-46H and output a single multipli-
cation result sequentially from the upper order digit using
the final redundant adder 49.

10245] With this type of structure, as shown in FIG. 16,
multiplication 1s implemented by expanding multiplication
as 1f 1t were worked out on paper and generating and adding
a string of partial products with the partial products to be
added being vertically separated. In FI1G. 16, the range of
the vertically divided partial products 1s shown as range
A45. From the partial product generating circuits 46A-46H
a number mput to eight frames inside the range A45 are
output at the same clock. The range A4S 1s transferred to the
lower order digit (to the right in FIG. 16) every single step
(computation time unit), and partial products for one lower
order digit are sequentially generated from the upper order
digits to the lower order digits. Using the redundant adders
47A-47D, 48A, 48B and 49, partial products from the upper
order digit generated by the partial product generating
circuits 46 A-46H are added up, and it 1s thus possible to
obtain a multiplication result from the upper order digit.

10246] In this way, according to the eleventh embodiment,
by adding from the upper order digit it 1s possible to carry
out multiplication from the upper order digit.

10247] In the eleventh embodiment, for simplicity, 8 par-
tial products are generated for multiplication in 8 bit units,
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but 1t 1s possible to the number of partial products generated
at the same time using a generally used booth decoder.

[10248] Also, two-input single-output type adders have
been used as the redundant adders 47A-47D, 48A, 48B and
49, but any adder that can carry out addition from the upper
order digits 1s permissible, for example a four-input single-
output redundant adder or the like.

[0249] Further, in the eleventh embodiment an 8-bit mul-
tiplier has been exemplified, but the present invention is by
no means limited to 8-bits, and 16-bit or any other number
of bits are possible. In the case of 16-bit multiplication, as
a general rule, 16 partial products will be generated.

[10250] [Twelfth Embodiment]

[0251] The twelfth embodiment 1s a modified example of
the eleventh embodiment. In the twelfth embodiment the
present nvention 1s applied to a semiconductor circuit for
arithmetic processing for carrying out information aggregat-
ing processing besides multiplication, such as retrieval. This
semiconductor circuit for arithmetic processing 1s shown in
FIG. 17. The semiconductor circuit for arithmetic process-

ing of FIG. 17 comprises general purpose functional units
S1A-51H, 52A-52D, 53A, 53B and 54.

[10252] With the twelfth embodiment, the general purpose
functional units S1A-51H, 52A-52D, 53A, 53B and 54 are
connected 1 a ftree configuration. The general purpose
functional units S1A-51H are controlled by a control instruc-
tion bS1, and the general purpose functional units 52A-52D
are controlled by a control instruction ¢52. The general
purpose functional units 533A and 533B are controlled by a
control instruction d33.

[0253] For example, the general purpose functional units
S51A-51H perform computation processing designated by the
control mstruction b51 on data aS1,-a51,.. Specifically, it
the general purpose functional units 51A-51H, 52A-52D,
S3A, 53B and 54 have a function of performing addition
from an upper order digit, they will achieve the same
function as the eleventh embodiment. If the general purpose
functional units 51A-51H, S2A-52D, 53A, 53B and 54 are
circuits for outputting a maximum value from an upper order
digit, a maximum value 1s output from the general purpose
functional unit 54.

[0254] In this way, according to the twelfth embodiment
information narrowing and information aggregation are car-
ried out, and 1n this way 1t 1s possible to narrow down a lot
of information to a single mmformation i1tem. That 1s, pro-
cessing for other information aggregation besides multipli-
cation, such as retrieval, becomes possible. Also, since, due

to the principal of computing from the upper order digit, the
ogeneral purpose functional units 51A-51H, 52A-52D, 53A,

53B and 54 can carry out processing for a single digit, 1t 1s
possible to miniaturize the circuitry, and 1t 1s also possible to
improve the degree of parallelism in the circuit overall.

[0255] With the twelfth embodiment, 16-input circuits
have been described, but 16 inputs are not strictly necessary
and 1t possible to have, for example, 8 inputs or 32 1nputs.

0256 [Thirteenth Embodiment]

0257 Inthe thirteenth embodiment, the present invention
1s applied to a semiconductor circuit for arithmetic process-
ing for realizing multiplication from an upper order digit by
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repeated addition. This semiconductor circuit for arithmetic
processing 1s shown 1n FI1G. 18. The semiconductor circuit
for arithmetic processing of FIG. 18 comprises partial
product generating circuits SSA-55D, unitary delay memo-
ries 56A and S6E, adders with built-in delay memory
56B-56D, and a redundant adder §7. Here, a 4-bit multiplier

1s exemplified.

[0258] A multiplicand aS5 is input to the partial product
generating circuits SSA-55D. At this time, the most signifi-
cant digit data of the multiplicand aS35 is input to the partial
product generating circuit 55D, data of the digit below the
most significant digit 1s input to the partial product gener-
ating circuit 35C, data of the digit two digits down from the
most significant digit 1s input to the partial product gener-
ating circuit 35B, and data of the least significant digit 1s
input to the partial product generating circuit 55A. A mul-
tiplier a56 1s also input to the partial product generating
circuits 535A-55D. The multiplier ad6 1s simultaneously
input to the partial product generating circuits S5A-55D
sequentially one digit at a time in computation time units
from the upper order digit. The partial product generating
circuits 55A-55D generate partial products from the multi-
plicand a35 and the multiplier a56.

[10259] Partial products from the partial product generating
circuits 35A-55D are subjected to addition processing by the
memory 56 A and the adders with built-in memory 56 B-56D.
As a result, the adder 56B adds a partial product from the
partial product generating circuit 55A delayed by the
memory S6A, and the partial product from the partial
product generating circuit S5B, and outputs a carry signal
b35 and a sum signal b635 on the next rising edge of control
signal 55¢. That 1s, there 1s a function of storing a compu-
tation result internally, and delaying it by one step (compu-
tational unit time). The adder with built-in memory 56C
adds a value “07, a partial product from the partial product
generating circuit 35C, and a sum signal b56 of the adder
with built-in memory 56B, and outputs a carry signal ¢35
and a sum signal ¢56 on the next rising edge of the control
signal S5e.

[0260] The adder 56D adds a carry signal b3S from the

adder 56b for adding the two lower order digits, a partial
product from the partial product generating circuit 55D, and
a sum signal from the adder with built-in memory 56C, and
outputs a carry signal d55 and a sum signal d56 on the next
rising edge of the control signal 55¢. The memory 56E
delays the carry signal ¢35 from the adder 56C for adding
two lower order digits and a sum signal of the adder with

built-in memory 56D, and outputs them to the redundant
adder 57.

[0261] The memories 56A and S6E, and the adders with
built-in memory 56B-56D left shift data one digit at a time
towards the redundant adder 57 side, under the control of a
control clock €85. Also, the memory 55E 1s required to
convert the carry signal d55 generated by the adder with
built-in memory 56D and another result to the same digit.

10262] The redundant adder 57 performs addition from an

upper order digit using the carry signal d56 from the adder
56D delayed by the memory 56E, the carry signal ¢35 from
the adder with built in memory 56C, and the carry signal d55
from the adder 56D. This adder has substantially the same
design as the upper order digit preceding adder disclosed in
the first embodiment for a binary SD number system.
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Besides the two 1nputs of the SD system to the adder 1, the
inputs to the binary system have been increased by one. It 1s
possible to 1nclude a condition for outputting Carry+1 and
Sum 1 when the mternal sum value of table 2 1s +3. In this
way, multiplication results are output sequentially from an
upper order digit.

[0263] According to the thirteenth embodiment, as shown
in F1G. 19, 1n the case of 4-bitx4-bit multiplication, partial
products are generated in the same format as if 1t were
worked out on paper, and these are added.

[0264] The adding line section 56 is a simple representa-
fion of the adding arrangement for this multiplication
method. In the adding section 56, “+” symbols enclosed 1n
a circle represent adders that can carry out addition from an
upper order digit, and the symbol “D” enclosed 1n a square
represents a memory. The memory stores 1nput data every
onc computation time unit. The “+” symbols and “D”
symbols are arranged 1n pairs, but correspond to 56 B-56D 1n
FIG. 18. In order to add these partial products, the memories
D are previously reset to “0”. In the first step, data repre-
senting the lowest line AS5 of a calculation as if 1t were
worked on paper 1s input to the adding section 56, and this
data 1s stored.

[0265] At a second timing, data input from the memory
“D” 1s left shifted (multiplied by 2). At the same time, data
representing the line two from the bottom AS56 1s input to the
adding section 56, and the 1input data and data being stored
in the adding section 56 are added. Data stored 1n the adding
section 56 1s obtained by shifting previous line ASS.

[0266] At a third timing, the addition result obtained at the
second timing 1s left shifted and stored. After that, the upper
line 1s also added repeatedly to output a final result.

[0267] In this way, according to the thirteenth embodiment
when multiplication 1s implemented by repeating addition,
result can be output from a final stage, and from an upper
order digit.

[0268] In the thirteenth embodiment, 4-bitx4-bit multipli-
cation has been assumed, there 1s no particular limitation to
4-bits. When multiplication of greater than 4-bits 1s per-
formed, 1t 1s possible to simply increase adders having
built-in memory having three inputs of the partial product
data from the partial product generating circuits, the carry
data from the adder two digits below and the addition sum
data from the adder one digit below, like the adder with
built-in memory S6D.

[10269] It is also possible to have combinations of already
known decode techniques, such as booth decoders.

[10270] In FIG. 18, the structure is such that carry data is
mput to the adder two digits above order digits because a
carry signal of the adders 56 B-56D 1s delayed, but it 1s also
possible to remove this delay memory and directly input
carry data to an adder one digit above.

[0271] Further, with multiplication from an upper order
digit, the number system used 1s not limited to the binary
system or the binary SD system.

0272] [Fourteenth Embodiment]

0273] In the fourteenth embodiment, addition computa-
tion from an upper digit is carried out using a general
number system 1s used and not a redundant number system.
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For this reason, in the fourteenth embodiment a flag repre-
senting whether a number that 1s the object of computation
1s defined or indeterminate i1s provided. This element is

shown 1n FIG. 20. In FIG. 20, a decimal addition of
[2999] +902]5=[3901], is exemplified. In this addition
example, a carry generated in the lower order digit is
propagated from the units column to the hundreds column.

10274] At time T71, numbers in the thousands column are
added and a value of [ 2] 1s obtained. There is a possibility
that this value [2], will be changed by a carry signal from
a lower order digit. At this time, the flag can be attached to
the value [2]5. In the fourteenth embodiment, a question
mark, namely “?” 1s used as the flag.

[0275] At time T72, the numbers in the hundreds column
are added, and a value [18], is obtained. With this value
[18] a value [1], is generated as a carry signal, and a sum
signal has a value of [8],,. The carry signal [ 1], updates the
value [2]5 in the thousands column to [3].

[0276] Here, the sum signal value [8], has no effect on
signals at or below the lower tens column, and does not
constitute a carry signal to the thousands column. For this
reason, the “?” mark attached to the number 1n the thousands
column is removed and the value [3] is defined.

10277] At time T73, numbers in the tens column are added
and a value of [09], is obtained. With this value [09] the
carry signal has a value of [O}],. There is a possibility that the
carry signal value [0]- or the sum signal value [9], will be
updated by the calculation result of the units column. For
this reason, the carry signal value [0] in the addition result,
and the sum signal value [9], both have the mark “?”
attached.

[0278] Accordingly, since the carry signal from the tens
column has not been defined, the “?” mark attached to the
value [8], of the sum signal for the hundreds column is
propagated without being removed.

10279] At time T74, numbers in the units column are
added and a value [11] is obtained. With this value [11],
a value [ 1] is generated as a carry signal, and the sum signal
is a value [1].

10280] The value [1], being the carry signal for the units
column, is added to the value [9]., being the sum signal for
the tens column. As a result, a value [ 10], is obtained in the
tens column, and a value [1],, being the carry signal, is
generated. This carry signal 1s added to the value [ 8] being
the sum signal for the hundreds column.

10281] The carry signal is then propagated to the hundreds
column and the tens column. Since the carry signal from the
units column is defined as [ 1], the values of the sum signal
of the tens column, the carry signal from the tens column and
the sum signal from the hundreds column are all defined.
These operations are repeated to sequentially output defined
values and a value of [3901],, being the correct addition
result, 1s obtamed. In FIG. 20, the digits that will be output
are underlined.

[0282] A semiconductor circuit for arithmetic processing
for doing this 1s shown 1n FI1G. 21. With this semiconductor
circuit for arithmetic processing a signal corresponding to a
flag only in the carry signal (the “?” mark in FIG. 20) is
added as a state signal. The semiconductor circuit for
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arithmetic processing of FIG. 21 comprises an adder 61,
carry control circuits 62 and 62, and respective delay ele-
ments 61m, 62m and 63m.

[0283] The adder 61 adds one digit of data a61 input from
r digit of a first number and one digit data a62 input from an
upper order digit of a second number. The adder 61 outputs
a carry signal b61 and a sum signal b62 as a result. The adder
61 also outputs a state signal b63. The state signal b63
indicates whether or not there 1s a possibility of the carry
signal b61 being generated. If the state signal b63 1s true, 1t
indicates that there 1s a possibility of the carry signal b6l
being generated. The sum signal b62 1s delayed by one step
(computation time unit), namely delayed by one digit, by the
delay element 61m, and stored.

[0284] The carry control circuit 62, as shown in FIG. 22,

comprises a state control circuit 601 and an output circuit
603. The carry control circuit decides whether or not a carry
1s needed, 1n accordance with the carry signal b61, and the
state signal b63 and the delayed addition result b62, and
changes the result as required. To make the decision, the
carry confrol circuit has an input output relationship as
shown 1n the following table 5 internally stored.

TABLE 5
input result 08 9
component
carry 0 0 1 0 0 1
component
state signal ? fixed fixed 7 fixed fixed
output  result 0-8 1-9 9 9 0
component
carry 0 0 0 0 1
component
state signal fixed fixed 7 fixed fixed

[0285] In accordance with table 5, processing is different
depending on the 1nput addition result b12.

[0286] When the input addition result b12 is a value of
“07-“8”, there 1s no possibility of carry signal propagation to
the upper digit, and so the state control circuit 601 outputs
a carry signal c61 representing the value “0”, and a state
control signal c63 representing “fixed”. The output circuit
603 outputs the input addition result signal b62 and a result
component ¢62 representing the same value when the 1nput
carry signal b61 has a value “0”, and when the 1nput carry
signal b61 has a value “1” outputs a result component c62
representing a value of “1” added to the 1mnput addition result

signal b62.

[0287] When the input-addition result b12 has a value of
“9”  the state control circuit 601 outputs carry data c6l
representing a value the same as the input carry data b61,
and a state signal c63 representing a value the same as the
input state signal ¢63. When the input carry signal b61 has
a value of “1”, a result component ¢62 having a value of “0”
1s output, and when the 1input carry signal b61 has a value of
“0” a result component having a value of “9” 1s output.

|0288] The state signal c63 generated in this way is output
to the carry control circuit 63 by the carry control circuit 62.
The carry control circuit 62 also generates a carry signal c61
from the carry signal b61 and the sum signal b62. The carry
control circuit 62 then outputs the generated carry signal c61
to the carry control circuit 63.
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10289] The output circuit 603 generates a sum signal c62
based on the sum signal b62 from the memory 61 and the
carry signal b61. Specifically, the output circuit 603 adds the
value of the carry signal b6l to a sum signal b62 from the
memory 602, namely a stored value, as shown 1n table 3, and
generates the sum signal ¢62. The output circuit 603 outputs
the generated sum signal c62 to the carry control circuit 63.

[0290] The carry control circuit 62 thus generates the carry
signal ¢61, the sum signal c62 and the state signal c63 based
on the carry signal b61, the sum signal b62 and the state
signal b63, and outputs these signals to the carry control
circuit 63. In a similar manner, the carry control circuit 63
generates a carry signal d61, a sum signal d62 and the state
signal d63 based on the carry signal c61, the sum signal c62

and the state signal ¢63, and outputs these signals to a final
stage circuit 63.

[0291] According to the fourteenth embodiment, the out-
put of the carry control circuit 62 constitutes the mput of the
carry control circuit 63 having the same function. By con-
necting a plurality of stages i1n this way, 1t 1s possible to
propagate a carry across a plurality of stages, for example,

when calculating [999+4001],, and changes occurring
because of the carry can be absorbed.

10292] Thus, according to the fourteenth embodiment, in
order to process the carry signal, when the calculated value
1s indeterminate and there 1s a possibility that it will be
changed later the mark “?” 1s attached. In this way, it 1s
possible to remove the influence of the carry. Also, accord-
ing to the fourteenth embodiment, since there 1s a binary
output it 1s possible to 1ncrease affinity with a current circuit.

10293] In the fourteenth embodiment a decimal number
has been used as the computation example, but it 1s not
limited to a decimal number and binary or the like can also
be used.

10294 [Fifteenth Embodiment]

10295] In the fifteenth embodiment, the present invention
1s applied to a semiconductor circuit for arithmetic process-
ing for converting data of a redundant number system to data
in a non-redundant number system. This semiconductor
circuit for arithmetic processing 1s shown in FIG. 23. The
semiconductor circuit for arithmetic processing of FI1G. 23
comprises a redundant conversion circuit 66, carry process-
ing circuits 67,-67 , and memories 68,-68_. With the semi-
conductor circuit for arithmetic processing of F1G. 23, at the
time of the worst mnput pattern there 1s a possibility that a
carry will be generated, from the least significant digit to the
most significant digit, which means that 1t 1s necessary to
have circuits for several digits for both the redundant
conversion circuit and the carry processing circuits 67,-67 .

[10296] Data a66 representing one digit of a number
belonging to a redundant number system 1s input to the
redundant conversion circuit 66. The data a66 1s 1nput

sequentially from the upper order digit every computation
fime unit.

10297] When the data a66 is input, the redundant conver-
sion circuit 66 converts the data a66 to data of a non-
redundant number system and outputs the data b67. As a
result, the redundant conversion circuit 66 generates a carry
signal b66 as required. In order to perform this type of
conversion, the redundant conversion circuit 66 internally
holds the input relationship shown in table 6 below.
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TABLE ©
input data 1 0 -1
output carry signal 0 0? -1
cCONversion 1 0 1

result

[0298] According to FIG. 6, when “1” is input as data a66
the redundant conversion circuit 66 generates a carry signal
(Carry) b66 of “0” and a conversion result (Result) b67 of
“1”. When “-1” 1s mput as data a66, the redundant conver-
sion circuit 66 generates a carry signal b66 of “-1" and a
conversion result b67 of “1”. Specifically, in order to ensure
that the conversion result 1s in a non-redundant number
system, the redundant conversion circuit 66 generates a
carry signal b66 of “—1" m the case of a binary SD number.

[0299] The redundant conversion circuit 66 also attaches a
signal, being the mark “?”, when there 1s a possibility that
the value of the carry signal b66 will be changed by the carry
signal from the lower order digit. That 1s, when “0” 1s 1nput
as data a66, the redundant conversion circuit 66 generates a
carry signal b66 of “07” and a conversion result b67 of “0”.

[0300] The redundant conversion circuit 66 outputs the
generated carry signal b66 to a carry processing signal 671,
and outputs the conversion result b67 to the memory 681.

[0301] The memory 68, delays the conversion result b67
from the redundant conversion circuit 66 by one step (com-
putation time unit) using the control clock d66. The memo-
ries 68.-68 have a function of causing the input data to be
delayed by one computational time unit, similarly to the
memory 681.

[0302] The processing circuit 67, receives as input the
carry signal b66 coming from the lower order digit, and a
conversion result b68 that 1s the conversion result b67
delayed and output by the memory 68, and converts them.
In order to perform this conversion, the carry processing
circuit 67, internally holds the input output relationship
shown 1n table 7 below.

TABLE 7
input conversion 0 0 0 1 1 1
result
carry signal -1 0 07 -1 0 07
output carry signal -1 0 07? 0 0 0
conversion 1 0 0 1 1 1
result
[0303] In accordance with table 7, when there is no “?”

mark attached to the carry signal b66, the carry signal
components becomes defined. As a result, there 1s no need
for recalculation by the circuits on the upper digit side, and
it 1s possible to determine the computation result.

[0304] When there 1s “?” mark attached to the carry signal
b66, then if the carry signal b66 1s “07” and the conversion
result b68 1s “0” the carry processing circuit 67, generates a
carry signal c66 of “0?7” and a conversion result c67 of “0”.
Also, 1f the carry signal b66 1s “0?” and the conversion result
b68 1s “1” the carry processing circuit 67, generates a carry
signal ¢66 of “0” and a conversion result ¢67 of “1”.
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[0305] The carry processing circuit 67, outputs the carry
signal c66 generated 1n this way to the carry processing
circuit 67, of the next stage, and outputs the conversion
result c67 to the carry processing circuit 67, of the next stage
via the delay memory 68,. The carry processing circuit
67 -67, perform similar the carry processing circuit 67,.

[0306] According to this fifteenth embodiment, it 1s pos-
sible to convert data 1n a redundant number system to data
in a normal non-redundant number system.

10307] With the fifteenth embodiment, a case where a
binary SD number in a redundant number system 1s con-
verted to a binary number has been described as an example
of computation processing, but the present invention 1s not
particularly limited to this number system and it 1s possible
to use a multi-value redundant number system such as
base-4 or octal (base-8), and it is also possible to make an
expanded number positive.

[0308] First to fifteenth embodiments have been described
above, but the present mvention 1s not limited to these
embodiments. For example, “digit” does not have to be a
decimal number and 1t possible to use units of “bits” 1n a
binary system, and to use groups of bits 1n a base-4 number
system.

[0309] Also, an addition instruction has been taken as an
example of a computation 1nstruction, but any computation
instruction 1s possible as long as computing can be per-
formed every digit, such as a subtract instruction or a
compare instruction.

[0310] As a redundant number system, the present inven-
tion does not have to be limited to a system that allows “-1"
in a binary number “0, 17, such as the binary SD number
system, and 1t 1s also possible to use systems such as
11-valued decimal (as well as “0-9”, “A=10" is permitted) or
3-values binary (“2” 1s permitted in “0, 17).

[0311] It 1s also possible to replace transistors in all
circuits implemented with conventional transistors with neu-
ron MOS fransistors.

Industrial Application

[0312] According to the present invention as disclosed in
claim 1, 1t 1s possible to realize a circuit for processing data
from information of an upper order digit representing more
important information.

[0313] According to the present invention as disclosed in
claim 2, 1t 1s possible to realize a semiconductor circuit for
arithmetic processing of a plurality of groups from an upper
order digit.

[0314] According to the present invention as disclosed in
claim 3, 1t 1s possible to obtain a semiconductor circuit for
arithmetic processing that can absorb a propagation signal
from a lower order digit such as 1n addition processing by
using a redundant number system, and that enables arith-
metic processing from an upper order digit.

[0315] According to the present invention as disclosed in
claim 4, it 1s possible to realize a semiconductor circuit for
arithmetic processing from a complete upper order digit with
no carry signals at all, looking from outside the circuit.

[0316] According to the present invention as disclosed in
claim 5, a semiconductor circuit for arithmetic processing
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from an upper order digit that van process a carry signal
from a lower order digit without using a redundant number
system 1s also made possible.

[0317] According to the present invention as disclosed in
claim 6, 1t 1s possible to realize a semiconductor circuit for
arithmetic processing that can omit lower order digit side
computation from digits for which there 1s a result decision.

[0318] According to the present invention as disclosed in
claim 7, 1t 1s possible to obtain a semiconductor circuit for
arithmetic processing capable of computational comparison
decision from an upper order digit, that 1s not dependent on
a signal from a lower order digit based on a minimum value
and a maximum value.

[0319] According to the present invention as disclosed in
claim 8, it 1s possible to realize a semiconductor circuit for
arithmetic processing for processing from an upper order
digit aimed at a general purpose processor, or a semicon-
ductor circuit for arithmetic processing that can vary a
function 1n real-time while having simple hardware.

[0320] According to the present invention as disclosed in
claim 9, t 1s possible to realize a semiconductor circuit for
arithmetic processing that can binary convert a redundant
number system from an upper order digit.

[0321] According to the present invention as disclosed in
claim 10, 1t 1s possible to realize a semiconductor circuit for
arithmetic processing that can carry out processing from
sequential upper order digits for a compact analog signal.

[0322] According to the present invention as disclosed in
claim 11, 1t 1s possible to realize a semiconductor multiplier
that outputs a result from an upper order digit.

[0323] According to the present invention as disclosed in
claim 12, 1t 1s possible to realize a semiconductor multiplier
from an upper order digit using different techniques from
those of claim 13.

[0324] According to the present invention as disclosed in
claim 13, a processing circuit from an upper order digit
mmtroducing a concept of intelligent computation, that
reduces the scale of a circuit and increases computing
functions, by using neuron MOS transistors.

[0325] According to the present invention as disclosed in
claim 14 and claim 15, 1t becomes possible to use a method
capable of arithmetic processing from an upper order digit
by using a redundant number system.

[0326] According to the present invention as disclosed in
claim 16, a high speed processing method becomes possible
that can omit remaining computation at a point in time where
a computation from an upper order digit has been defined.

What 1s claimed 1s:

1. A semiconductor circuit for arithmetic processing,
being a semiconductor circuit receiving as mput at least one
numerical data item comprised of a plurality of digits, input
sequentially one digit per computing time unit from the
upper digit of the numerical data, provided with a computing
unit for computing of the input data, the computing unit
comprising:

a computing circuit, for computing input digit data within
a computing time unit, and outputting a computation
result representing a result obtained by the computation
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to generate a carry using the computation and output-
ting carry data representing this carry; and

delay means for delaying the computational result from
the computing circuit by only a single computing time
unit.

2. The semiconductor circuit for arithmetic processing of
claim 1, wherein a plurality of the computing units are
connected 1n series, and each of the computing units per-
forms processing sequentially every computation time unit.

3. The semiconductor circuit for arithmetic processing of
claim 1 or claim 2, wherein the numerical data, the compu-
tational result or the carry data belong to a redundant number
system.

4. The semiconductor circuit for arithmetic processing of
claim 3, wherein a computing block for computing data
belonging to the redundant number system comprises at
least one of the computing units and a computing circuit for
processing output of the computing block, and carry data to
an upper order digit 1s not generated from the computing
block.

5. The semiconductor circuit for arithmetic processing of
claim 1 or claim 2, wherein the computing unit comprises:

first decision means for deciding whether or not carry data
output to an upper digit as a result of computation of a
particular digit 1s changed using carry data generated
by computation for a lower digit than that digit;

output means for indicating that there 1s no change to
carry data to an upper order side, when a decision result
from the first decision means 1ndicates that there 1s no
dependency on carry data output from the lower order
digit;

input means for holding lower order side carry data, when
the decision result from the first decision means indi-

cates that there 1s dependency on carry data output from
the lower order digit; and

changing means for changing a computational result in
response to lower order digit carry data from the lower
order side.

6. The semiconductor circuit for arithmetic processing
provided of any one of claims 1 to 5, comprising decision
means for comparing and deciding, every computing time
unit from an upper digit, computational results output
sequentially every computing time unit from the upper digit,
wherein when authenficity of the decision result of the
decision means has been confirmed arithmetic processing
including comparison and decision for remaining lower
order digits 1s omitted.

7. The semiconductor circuit for arithmetic processing of
claim 1, claim 2 or claim 6, comprising:

computing means for sequentially carrying out computa-
tion every computing time unit from an upper digit side
and computing a maximum value and a minimum value
for computational results acquired at a lower digit than
an mput digit; and

comparison means for comparing at least one of the
maximum value and the minimum value computed by
the computing means with data of another digit.

8. The semiconductor circuit for arithmetic processing of
claim 1 or claim 2, provided with switching means for
switching a computing function for mput digit data by
supplying a control instruction to the computing unait.
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9. The semiconductor circuit for arithmetic processing of
claim 5, wherein

a computing block converts data sequentially input from
an upper order digit every computing time unit to a
non-redundant number system when data belongs to the
redundant number system, the computing block being
comprised of a plurality of computing units connected
In Sseries,

and each computing unit comprises

decision means for deciding whether or not 1nput digit
data belongs to a redundant representation and 1f con-
version 1S necessary,

conversion means for converting to a non-redundant
representation and a carry signal, or a borrow signal,
and output means for outputting the carry signal or the
borrow signal to a computing unit for an upper order
digit,

the semiconductor circuit for arithmetic processing hav-
ing an overall function of converting a redundant
number system to a non-redundant number system.

10. The semiconductor circuit for arithmetic processing of
any one of claims 1 to claim &, further comprising, in order
to convert analog data to digital data by narrowing the
comparison range of the analog data, conversion means for
converting the analog data sequentially every computation
time unit from an upper order digit side of the digital data,
and

the computing unit or the computing circuit for computing
output of the conversion means every computation time
unit from an upper order digit.

11. A semiconductor circuit for arithmetic processing,
comprising:

storage means for storing a multiplier while shifting the
multiplier every one computing time unit;

first computing means for respectively computing partial
products of the multiplier from the storage means and
an multiplicand, and generating and outputting all
partial products of the same digit for multiplication
sequentially from the most significant digit every com-
puting time unit, and second computing means for
adding all partial products representing the same digit
from the first computing means to output one multipli-
cation result from an upper order digit.

12. A semiconductor circuit for arithmetic processing,
receiving one of two data i1tems as a multiplicand and the
other data item as a multiplier, and sequentially inputting the
multiplier every computing time unit from the upper order
digit, and outputting a result of multiplying the two data
items sequentially every computing time unit from an upper
order digit, comprising:

computing means for computing partial products for
consecutive digits of the mput multiplier and multipli-
cand every computing time unit;

addition means for performing addition of consecufive
digits of results of adding the computed partial products
of the previous computing time unit; and

means for temporarily storing addition results.
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13. The semiconductor circuit for arithmetic processing of
any one of claim 1 to claim 14, wherein the computing unit
1s formed using neuron MOS transistors.

14. An arithmetic processing method receiving 1nput of at
least one numerical data item comprised of a plurality of
digits, one digit being 1nput sequentially per computing time
unit from an upper order digit of the numerical data,
comprising:

a first process of computing data of an put digit in
computing time units and outputting a computation
result obtained by computation;

a second process of generating a carry as a result of the
computation of the first process and outputting carry
data representing this carry; and
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a third process of delaying the computational result by a
single computing time unit.

15. The arithmetic processing method of claim 13,

wherein from the first process to the third process 1s sequen-

tially repeated.
16. The arithmetic processing method of claim 15, further

comprising:
a fourth process of sequentially judging computation

results of the first process from am upper order digit,
and

a 1iith process of suspending computation of lower order
digits at a point 1in time where a judgement result of the
fourth process 1s defined.
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